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[57] ABSTRACT 

A data processor, comprises: a microaddress input selector 
252 which, when decoding an instruction code, generates a 
main microaddress signal 212 corresponding to an operation 
code part, a submicroaddress signal 218 corresponding to an 
addressing mode designating part and an address calculation 
request signal 233 indicating whether address calculation is 
necessary or not, and selects an address signal correspond 
ing to an operation code part or to an addressing mode 
designating part responsive to the address calculation 
request signal 233; and an instruction execution control unit 
control circuit 256 which controls the rnicroaddress input 
selector 252; and is capable of executing the instruction 
having the addressing mode designating part independent 
from the operation code, rapidly and with a small rnicro— 
program size. 
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MICROPROGRAM DATA PROCESSOR 
PROCESSING OPERAND ADDRESS 
CALCULATION AND INSTRUCTION 

EXECUTION WITH COlVIMON HARDWARE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a data processor of a 
microprogram control system, and more particularly, to a 
data processor which controls operand address calculation 
and instruction execution by microprograms. 

2. Description of the Related Art 
In a data processor of a microprogram control system, 

microprograms are stored in a memory called a micro-ROM 
beforehand. The data processor then decodes an operation 
code in an instruction code to generate a start address in the 
micro-ROM of a corresponding microprogram routine, and 
sequentially reads out rnicroinstructions from the start 
address to execute the instruction by controlling the opera 
tion of a register or an operation unit. 

In formats of the instruction code processed by such a data 
processor of the microprogram system, there are the format 
whereby an operand addressing mode is decided by the 
operation code, and the format in which a ?eld designating 
the operand addressing mode is independent from the opera 
tion code and the addressing mode can be designated for 
every operand. 

In the data processor of the microprogram control system 
which processes the instruction wherein the addressing 
mode designation is independent from the operation code, 
exclusive hardwares for operand address calculation are 
provided in many cases. In such hardwares, at the time of 
decoding the instruction, the operation code is decoded to 
generate a microprogram address, and also an addressing 
mode designating part is decoded to generate a control code 
for address calculation. The instruction is executed by the 
microprogram corresponding to the operation code after 
calculating the address. 

However, in the data processor of the microprogram 
control system in which the exclusive hardwares for operand 
address calculation can not be provided due to restriction in 
sizes of the hardwares, the operand address calculation and 
instruction execution are processed in the same hardwares. 
In such a data processor, in some cases, a method of 
determining the addressing mode by the rrricroprogram to 
change a microprogram sequence, or to call a subroutine for 
operand address calculation is adopted. However, in case of 
adopting this method, since the microprogram for determin 
ing the addressing mode is a must, a processing time is 
prolonged in response thereto. 

There is also the case of adopting a method of decoding 
the operation code and the addressing mode designating part 
simultaneously at the time of instruction decoding to gen 
erate the microprogram address for every addressing mode. 
In the data processor adopting this method, though the 
execution time is shortened because the microprogram for 
determining the addressing mode is not necessary, since it is 
necessary to prepare the microprogram in response to all 
addressing modes which can be used for respective opera 
tion codes so as to be stored in the micro-ROM, the number 
of words of the microprogram increases and a capacity of the 
micro-ROM for storing the words becomes larger. 
As described above, in the conventional data processor of 

the microprogram control system in which the operand 
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2 
address calculation and instruction execution are processed 
in the same hardwares, the following problems are encoun 
tered when executing the instruction having the addressing 
mode designating part which is independent, from the opera 
tion code. 

Firstly, in the data processor, in which the addressing 
mode is determined by the microprogram, and the rnicro 
program execution sequence is changed or the subroutine for 
address calculation is called in response to the result of the 
determination of the addressing mode, since the micropro 
gram for determining the addressing mode is necessary, the 
processing time is prolonged in response thereto. 

Secondly, in the data processor, in which the micropro 
gram corresponding also to the addressing mode is executed 
from the beginning, by simultaneously decoding both the 
operation code and the addressing mode designating part at 
the instruction decoding stage to generate the microprogram 
address, since the microprograms by the number of address 
ing modes which can be designated for every operation code 
are necessary, the number of words of the microprograms 
increases. Thus, a capacity of the micro-ROM must be 
enlarged to store the words. 

SUMMARY OF THE INVENTION 

The present invention has been devised to solve such 
problems. Therefore, it is a primary object thereof to provide 
a data processor of a microprogram control system, which 
processes operand address calculation and instruction 
execution by using the same hardwares, and is capable of 
executing instructions having an addressing mode designat 
ing part, which is independent from an operation code, 
rapidly and with a small microprogram size. 
The data processor according to the present invention 

comprises: decoding means constituted by a main decoder 
which decodes an operation code part in an instruction code 
to generate a start address (microprogram address for 
instruction execution) of a microprogram routine for con‘ 
trolling instruction execution, and a subdecoder which 
decodes the addressing mode designating part in the instruc 
tion code to generate a start address (microprogram address 
for address calculation) of a microprogram routine for 
controlling operand address calculation; selecting means 
(microaddress input selector) for selecting any of the rnicro 
prograrn address for instruction execution, microprogram 
address for address calculation and other microprogram 
address as an address of the microprogram to be executed 
next; and controlling means (instruction execution control 
unit control circuit) for controlling the selective operation of 
the selecting means on the basis of a ?rst control signal 
(address calculation request signal) indicating whether or 
not the address calculation is necessary, a second control 
signal (operand fetch request signal) including whether or 
not the operand is to be read from a memory, and a third 
control signal (operand write request signal) indicating 
whether or not the operand is to be written into the memory. 

The data processor according to the present invention 
further comprises, holding means (registers) which holds the 
microprogram address for instruction execution for a pre 
determined period, whereby the selecting means selects the 
microprogram address for instruction execution previously 
decoded by the decoding means held by the holding means, 
at the time point where a sequence control signal (microse— 
quence control signal) of the rnicroinstruction indicating that 
the address calculation is ?nished is outputted. 

In the data processor according to the present invention, 
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at the time of executing the instruction in which, for 
example, the operand is the register where the address 
calculation is not necessary, the address calculation request 
signal which is the ?rst control signal is “invalid”, and the 
microprogram address for instruction execution is selected 
to execute the instruction. While, at the time of executing the 
instruction in which, for example, the operand is the 
memory where the address calculation is necessary, the 
address calculation request signal is “valid", and the micro~ 
program address for address calculation is selected for 
operand address calculation. When the operand fetch request 
signal, which is the ?rst control signal, is “valid”, the 
microprogram address for memory read is selected and the 
operand is read from the memory immediately after the 
operand address calculation is ?nished, and when “invalid”, 
the microprogram address for instruction execution is 
selected immediately after the operand address calculation is 
?nished. When the operand write request signal, which is the 
second control signal, is “valid”, the microprogram address 
for memory write is selected and the operand is written into 
the memory immediately after the instruction execution is 
?nished, and when “invalid”, the microprogram address 
corresponding to a new operation code is selected immedi 
ately after the instruction execution is ?nished. 

Meanwhile, the microprogram address for instruction 
execution previously decoded is held in the register as the 
holding means. And hence, when the address calculation or 
memory read is ?nished and the microsequence control 
signal becomes “valid”, the microprogram address for 
instruction execution held in the register is selected and the 
instruction is executed successively after the address calcu 
lation. 

The above and further objects and features of the inven 
tion will more fully be apparent from the following detailed 
description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a whole con?guration 
of a data processor of the present invention, 

FIG. 2 is a block diagram showing a detailed con?gura 
tion of an instruction fetch unit, an instruction decoding unit 
and an instruction execution control unit of a data processor 
of the present invention, 

FIG. 3 is a waveform diagram of a non-overlap 2-phase 
clock used ill a processor of a data processor of the present 
invention, 

FIG. 4 is a view explaining the operation of a microad 
dress input selector of a data processor of the present 
invention, 

FIG. 5 is a block diagram showing a detailed con?gura 
tion of an instruction execution unit of a data processor of 
the present invention, 

FIG. 6 is a schematic view showing an example of 
instruction format processed by a data processor of the 
present invention, 

FIG. 7 is a schematic view showing an example of 
formats of an operand designating part of an instruction 
format processed by a data processor of the present inven 
tion, 

FIG. 8A is a schematic view showing an example of 
general format of a register to register transfer in instruction 
codes of MOV instructions (data transfer instructions) pro 
cessed by a data processor of the present invention, 

FIG. 8B is a schematic view showing an example of 
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4 
general format of a memory to memory transfer in instruc 
tion codes of the same, 

FIG. 8C is a schematic view showing an example of short 
format of a register to register transfer in instruction codes 
of the same, 

FIG. 8D is a schematic view showing an example of short 
format of a memory to memory transfer in instruction codes 
of the same, 

FIG. 9 is a table showing output signals in an instruction 
decoding unit in case of executing instruction codes shown 
in FIG. 8A, FIG. 8B, FIG. 8C and FIG. 8D, 

FIG. 10 is a ?owchart showing an execution sequence of 
a general format of a MOV instruction (data transfer instruc 
tion) processed by a data processor of the present invention, 
and 

FIG. 11 is a ?owchart showing an execution sequence of 
a short format of a MOV instruction (data transfer instruc 
tion) processed by a data processor of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following, the present invention is particularly 
described referring to the drawings showing its embodi 
ments. 

FIG. 1 is a block diagram showing a general con?guration 
of a data processor of the present invention and its connec 
tions with an external memory 104. 

In FIG. 1, numeral 101 designates an address bus, 
numeral 102 designates a data bus, numeral 103 designates 
a processor as the data processor of the present invention, 
and numeral 104 designates an external memory of the 
processor 103. 

The memory 104 and the processor 103 are connected by 
the address bus 101 and the data bus 102. 

The processor 103 consists of a bus I/F unit 105, an 
instruction fetch unit 106, an instruction decoding unit 107, 
an instruction execution control unit 108, an instruction 
execution unit 110 and so on. ' 

A micro-ROM 109 is included in the instruction execution 
control unit 108. 

The bus I/F unit 105 is connected to the memory 104 
through the address bus 101 and the data bus 102, and 
accesses instructions and data against the memory 104. 
The instruction fetch unit 106 is connected to the bus I/F 

unit 105 and the instruction decoding unit 107, and controls 
the instruction fetch request to the bus I/F unit 105 and the 
output of the instruction fetched by the bus I/F unit 105 to 
the instruction decoding unit 107. 

The instruction decoding unit 107 is connected to the 
instruction fetch unit 106 and the instruction execution 
control unit 108, and decodes the instruction received from 
the instruction fetch unit 106 so as to output infonnation 
necessary for the instruction to the instruction execution 
control unit 108. 

The instruction execution control unit 108 is connected to 
the bus I/F unit 105, instruction decoding unit 107 and 
instruction execution unit 110. The micro-ROM 109 which 
is a memory storing the microprogram is built in the 
instruction execution control unit 108, which accesses the 
micro-ROM 109 in response to the information outputted 
from the instruction decoding unit 107 to fetch the micro 
instruction, and decodes the fetched rnicroinstruction to 
output various control signals for controlling the instruction 
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execution unit 110. 
The instruction execution unit 110 is connected to the 

instruction execution control unit 108 and to the bus I/F unit 
105, and executes the instruction according to the control 
signal outputted from the instruction execution control unit 
108. 

FIG. 2 is a block diagram showing a detailed con?gura 
tion of the instruction fetch unit 106, instruction decoding 
unit 107 and instruction execution control unit 108 shown in 
FIG. 1. 

Connection between the instruction fetch unit 106 and the 
bus I/F unit 105 is omitted in FIG. 2. 

In FIG. 2, reference characters (b1 and (112 designate 
clocks. 

FIG. 3 is a waveform diagram showing waveforms of the 
clocks 411, $2 used in the data processor or the processor 103 
of the present invention. 

The clocks $1, $2 are the so-called non-overlap 2-phase 
clock, wherein the clock (1)1 becomes high level ?rst in one 
machine cycle, and the clock ¢2 becomes high level after the 
clock ¢1 becomes low level, thereby the high level periods 
do not overlap one another. 

The instruction fetch unit 106 is mainly constituted by an 
instruction buffer 201 and an instruction fetch unit control 
circuit 202. 

The instruction bu?er 201 is designed to store the 
prefetched instruction from the bus I/F unit 105, and outputs 
an instruction code in a 6-byte unit to an instruction code 
input register 210, to be described later, of the instruction 
decoding unit 107 as a signal 203. 

The instruction fetch unit control circuit 202 controls the 
operation in the instruction fetch unit 106 such as input/ 
output control of the instruction buffer 201, mainly by a 
control signal 204. Speci?cally, since the number of bytes of 
the instruction code which has been used or decoded is given 
to the instruction fetch unit control circuit 202 from an 
instruction decoding unit control circuit 222 to be described 
later as a signal 206, which byte of the instruction code held 
in the instruction buifer 201 is outputted to the instruction 
code input register 210 is decided. 
The instruction fetch unit control circuit 202 gives the 

instruction fetch request to the bus I/F unit 105, or outputs 
a signal 205 indicating whether the instruction code output 
ted by the instruction buffer 201 is valid or invalid, to the 
instruction decoding unit 107. 
The instruction decoding unit. 107 consists mainly of the 

instruction code input register 210, a main decoder 211, a 
subdecoder 217, the instruction decoding unit control circuit 
222, an AND gate 231 and registers 224 to 230. The 
instruction code input register 210 inputs the 6-byte instruc 
tion code outputted from the instruction bu?fer 201 in 
synchronism with the clock (1:1, and outputs it after holding 
it temporarily. Speci?cally, the instruction code input reg 
ister 210, among the 6-byte instruction code held therein, 
outputs a ?rst byte to the main decoder 211 as a signal 232, 
a second byte to the subdecoder 217 as a signal 233 and third 
to sixth bytes to the extension part data register 230 as an 
extension part data signal 234. The extension part data signal 
234 is held in the register 230 in synchronism with the clock 
$2, and further, outputted from the register 230 and held in 
a register 245 of the instruction execution control unit 108 
in synchronism with the clock (1:1 in and after the second 
machine cycle. The main decoder 211, as described above, 
decodes the ?rst byte or an operation code part in the 6-byte 
instruction code outputted from the instruction code input 
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6 
register 210, and outputs information related to instruction 
execution. Speci?cally, the main decoder 211 outputs the 
following signals. 

Main microaddress signal 

A main microaddress signal 212 is held in the register 224 
in synchronism with the clock $2. This signal indicates an 
address of the micro-ROM 109 which indicates a start 
address of a microprogram routine for instruction execution 
control. 

The main microaddress signal 212 is outputted from the 
register 224 and inputted to a microaddress input selector 
252 of the instruction execution control unit 108, and held 
in a register 240 in synchronism with the clock (D1 in and 
after the second machine cycle. 

Operand fetch request signal 

An operand fetch request signal 213 is held in the register 
226 in synchronism with the clock (1)2. This signal indicates 
that the operand is to be fetched when it is and not to 
be fetched when it is 

The operand fetch request signal 213 is outputted from the 
register 226 and is held in a register 241 of the instruction 
execution control unit 108 in synchronism with the clock ¢1 
in and after the second machine cycle. 

Subdecoder valid signal 

A subdecoder valid signal 214 is outputted to the AND 
gate 231. This signal indicates that the decode result of the 
subdecoder 217 is valid when it is “l”, and that the decode 
result of the subdecoder 217 is invalid when it is “0”. 

First register number signal 

A ?rst register number signal 215 is held in the register 
228 in synchronism with the clock (1)2. This signal is that a 
value of a register number ?eld in the operation code is 
outputted intact. 
The ?rst register number signal 215 is outputted from the 

register 228, and is held in a register 243 of the instruction 
execution control unit 108 in synchronism with the clock (1)1 
in and after the second machine cycle. 

Control signal 

A control signal 216 is outputted to the instruction decod 
ing unit control circuit 222. This signal is for controlling the 
instruction decoding unit 107. 
The subdecoder 217, as described above, decodes the 

second byte or an operand designating part in the 6-byte 
instruction code outputted from the instruction code input 
register 210, and outputs information related to address 
calculation. Speci?cally, the subdecoder 217 outputs the 
following signals. 

Sub-microaddress signal 

A sub-microaddress signal 218 is held in the register 225 
in synchronism with the clock $2. This signal indicates the 
address of the micro-ROM 109 indicating a start address of 
the microprogram routine for address calculation. 
The sub-microaddress signal 218 is outputted from the 

register 225 and is inputted to the microaddress input 
selector 252 of the instruction execution control unit 108. 
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Register/memory signal 

A register/memory signal 219 is outputted to the AND 
gate 231. This signal indicates that an addressing mode is a 
general purpose register of a general purpose register ?le 
308 when it is “O” and that the addressing mode is the 
memory 104 when it is “1”. 

Second register number signal 

A second register number signal 220 is held in the register 
229 in synchronism with the clock (1)2. This signal is that, a 
value of the register number ?led in the operand designating 
part is outputted intact. 
The second register number signal 220 is outputted from 

the register 229 and is held in a register 244 of the instruction 
execution control unit 108 in synchronism with the clock (1)1 
in and after the second machine cycle. 

Extension part size signal 

An extension part size signal 221 is outputted to the 
instruction decoding unit control circuit 222. This signal 
indicates how many bytes is in the extension part. 
The instruction decoding unit control circuit 222 controls 

the instruction decoding unit 107. 
The instruction decoding unit control circuit 222 outputs 

size information of the instruction code used in the instruc 
tion decoding unit 107 to the instruction fetch unit 106 as the 
signal 206, and outputs the signal 235 indicating whether the 
signal such as the microprogram address and the like being 
outputted at present is valid or invalid, to the instruction 
execution control unit 108. 
An output signal of the AND gate 231 is held in the 

register 227 as an address calculation request signal 223 in 
synchronism with the clock (1)2. The address calculation 
request signal 223 is the signal which executes AND opera 
tion of the subdecoder valid signal 214 outputted from the 
main decoder 211 and the register/memory signal 219 out 
putted from the subdecoder 217, and indicates that the 
address calculation is necessary when it is “l”, and that the 
address calculation is not necessary when it is “0”. 

The address calculation request signal 223 as the output of 
the AND gate 231 is outputted from the register 227 and 
inputted to an instruction execution control unit control 
circuit 256 of the instruction execution control unit 108, and 
is held in the register 242 in synchronism with the clock (1)1 
in and after the second machine cycle. 
To the registers 224 to 230 in the instruction decoding unit 

107, though not shown, an instruction execution ?nish signal 
263 outputted by the instruction execution control unit 
control circuit 256 is given, and the inputted signals are 
respectivel held therein in synchronism with the clock (1)2, 
only when the instruction execution ?nish signal 263 is 
valid. 

The instruction execution control unit 108 consists mainly 
of the aforementioned micro-ROM 109, microaddress input 
selector 252, a microaddress input register 253, a micro 
ROM output register 254, a microdecoder 255, instruction 
execution control unit control circuit 256, registers 240 to 
245 and registers 246 to 251. 

The registers 240 to 245 input signals in synchronism 
with the clock (1)1. 
Though not shown, the instruction execution ?nish signal 

263 outputted by the instruction execution control unit 
control circuit 256 is given to the registers 246 to 251, and 
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8 
the signals which have been inputted are respectively held 
therein in synchronism with the clock (1)2, only when the 
instruction execution ?nish signal 263 is valid. 
The registers 240 to 245 and the registers 246 to 251 are 

connected as follows. 

The output of the register 224 of the instruction decoding 
unit 107 or the main microaddress signal 212 is inputted to 
the register 240, and held therein in synchronism with the 
clock (1)1. The output of the register 240 is inputted to the 
register 246 and held therein in synchronism with the clock 
(1)2. Meanwhile, the output of the register 246 is inputted to 
the microaddress input selector 252. 
The output of the register 224 of the instruction decoding 

unit 107 is also inputted directly to the microaddress input 
selector 252. Thus, the main microaddress signal 212 out 
putted from the main decoder 211 is held in the register 224 
in synchronism with the clock 100 2 in the ?rst machine 
cycle, and simultaneously, inputted to the microaddress 
input selector 252 and held in the register 246 in synchro 
nism with the clock 100 2 in and after the second machine 
cycle, and simultaneously, again inputted to the microad 
dress input selector 252. 
The output, of the register 226 of the instruction decoding 

unit 107 or the operand fetch request signal 213 inputted to 
the register 241, and held therein in synchronism with the 
clock (1)1. The output of the register 241 is inputted to the 
register 247 and held therein in synchronism with the clock 
(1)2. Meanwhile, the output of the register 247 is inputted to 
the instruction execution control unit control circuit 256. 

The output of the register 227 of the instruction decoding 
unit 107 or the address calculation request signal 223 is 
inputted to the register 242 and held therein in synchronism 
with the clock (1)1. The output of the register 242 is inputted 
to the register 248 and held therein in synchronism with the 
clock (1)2. Meanwhile, the output of the register 248 is 
inputted to the instruction execution control unit control 
circuit 256 and the microdecoder 255. 

The output of the register 227 of the instruction decoding 
unit 107 is also inputted directly to the instruction execution 
control unit control circuit 256. Thus, the address calculation 
request signal 223 outputted from the AND gate 231 is held 
in the register 227 in synchronism with the clock (1:2 in the 
?rst machine cycle, and simultaneously, inputted to the 
instruction execution control unit control circuit 256, as well 
as held in the register 248 in synchronism with the clock 100 
2 in and after the second machine cycle, and simultaneously, 
inputted again to the instruction execution control unit 
control circuit 256 and the microdecoder 255. 
The output of the register 228 of the instruction decoding 

unit 107 or the ?rst register number signal 215 is inputted to 
the register 243, and held therein in synchronism with the 
clock (1)1. An output of the register 243 is inputted to the 
register 249 and held therein in synchronism with the clock 
(1)2. Meanwhile, an output of the register 249 is inputted to 
the microdecoder 255. 
The output of the register 229 of the instruction decoding 

unit 107 or the second register number signal 220 is inputted 
to the register 244 and held therein in synchronism with the 
clock (1)1. The output of the register 244 is inputted to the 
register 250 and held therein in synchronism with the clock 
(1)2. Meanwhile, an output of the register 250 is inputted to 
the microdecoder 255. 

The output of the register 230 of the instruction decoding 
unit 107 or the extension part data signal 234 is inputted to 
the register 245 and held therein in synchronism with the 
clock (1)1. The output of the register 245 is inputted to the 
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register 251 and held therein in synchronism with the clock 
o2. Meanwhile, the output of the register 251 is outputted to 
the instruction execution unit 110. 
The microaddress input selector 252 is controlled by a 

selector control signal 260 outputted from the instruction 
execution control unit control circuit 256, and selects a 
microprogram address to be held in the microaddress input 
register 253 from either of the following signals. 
The main microaddress signal 212 held in the register 224 

of the instruction decoding unit 107. 
The main microaddress signal 212 held in the register 246 

of the instruction execution control unit 108. However, the 
main microaddress signal 212 held in the register 246 is 
delayed one machine cycle or more as compared with the 
above-mentioned main microaddress signal 212 held in the 
register 224 of the instruction decoding unit 107. 
The sub-microaddress signal 218 held in the register 225 

of the instruction decoding unit 107. 
A next microaddress signal 262 speci?ed by a microin 

struction held in the micro-ROM output register 254 of the 
instruction execution control unit 108. 
Though the operation of the microaddress input selector 

252, or which signal is to be held in the microaddress input 
register 252 in which case, is shown in a table of FIG. 4, the 
detail is to be described later. 

The microaddress input register 253 holds a value of the 
signal selected and outputted by the microaddress input 
selector 252 or a value of the rnicroprogram address in 
synchronism with the clock o1, and accesses the micro 
ROM 109 by the value. 

The micro-ROM output register 254 inputs the microin 
struction read from the micro-ROM 109 in synchronism 
with the clock o2. In the instruction, a ?eld designating the 
microprogram sequence operation is outputted to the 
instruction execution control unit control circuit 256 as a 
microsequence control signal 261, and a ?eld designating an 
address of a rnicroprogram to be executed next is outputted 
as the next microaddress signal 262 and is inputted to the 
microaddress input selector 252. The rest of the ?elds are 
outputted to the microdecoder 255. 
The rnicrodecoder 255 inputs and decodes a part of 

rnicroinstruction outputted from the micro-ROM output 
register 254, address calculation request signal 223 (from 
the AND gate 231 via the registers 227, 242 and 248), ?rst 
register number signal 215 (via the registers 228, 243 and 
249) and second register number signal 220 (via the registers 
229, 244 and 250) to generate a control signal which 
controls the instruction execution unit 110. 

The instruction execution control unit control circuit 256 
controls the instruction execution control unit 108. 

That is, the instruction execution control unit control 
circuit, 256 inputs the operation code for controlling micro 
program sequence of the microinstruction, from the micro 
ROM output register 254 as the microsequence control 
signal 261 to control the microaddress input selector 252, or 
outputs the instruction execution ?nish signal 263 to control 
the timing of holding signals respectively inputted to the 
instruction execution control unit 108 and the instruction 
decoding unit 107, by a part of registers of the instruction 
execution control unit 108 and the instruction decoding unit 
107. 

Speci?cally, the registers 224 to 230 in the instruction 
decoding unit 107 respectively hold the signals which have 
been inputted in synchronism with the clock 100 2 only 
when the instruction execution ?nish signal 263 outputted 
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by the instruction execution control unit control circuit 256 
is valid. The registers 246 to 251 in the instruction execution 
control unit 108 respectively hold the signals which have 
been inputted in synchronism with the clock (1)2 only when 
the instruction execution ?nish signal 263 outputted by the 
instruction execution control unit control circuit 256 is valid. 

Thus, the registers 224 to 230 in the instruction decoding 
unit 107 and the registers 246 to 251 in the instruction 
execution control unit 108 never hold nor output a new 
signal, until the instruction execution ?nish signal 263 
outputted by the instruction execution control unit control 
circuit 256 becomes valid. 
The instruction execution control unit control circuit 256 

outputs a signal indicating whether the control signal being 
outputted at present is valid or invalid, and inputs informa 
tion necessary for instruction execution control from the 
instruction execution unit 110. 

FIG. 5 is a block diagram showing a detailed con?gura 
tion of the instruction execution unit 110 shown in FIG. 1. 

In FIG. 5, numeral 301 designates an S1 bus (32 bits), 
numeral 302 designates an S2 bus (32 bits) and numeral 303 
designates a D bus (32 bits), which are used for data 
operation. 
Numeral 304 designates a memory read register (32 bits) 

which holds data read from the memory 104. The memory 
read register 304 includes an input path from the bus I/F unit 
105 and an output path to the S2 bus 302. 

Numeral 305 designates a memory write register (32 bits) 
which holds data to be written into the memory 104. The 
memory write register 305 includes an input path from the 
D bus 303 and an output path to the bus I/F unit 105. 

Numeral 306 designates a memory address register (32 
bits), which stores the memory address. The memory 
address register 306 includes an input path from the D bus 
303 and output paths to the S1 bus 301 and the bus I/F unit 
105. 

Numeral 307 designates a working register (32 bits) 
which includes an input path from the D bus 303 and output 
paths to the S1 bus 301 and S2 bus 302. 

Numeral 308 designates a general purpose register ?le (32 
bits ><l6), which is constituted by l6><32-bit general purpose 
registers R0 to R15. The general purpose registers R0 to R15 
respectively include an input path from the D bus 303 and 
output paths to the S1 bus 301 and S2 bus 302. 

Numeral 309 designates an ALU, which inputs data from 
the S1 bus 301 and S2 bus 302 for addition, subtraction and 
logical operation. The operation result by the ALU 309 is 
outputted to the D bus 303. The ALU 309 also includes a 
function to output data inputted from the SI bus 301 and S2 
bus 302 to the D bus 303 intact. 

Numeral 310 designates a shift circuit which includes 
input paths from the S1 bus 301 and S2 bus 302 and an 
output path to the D bus 303, and shifts the data inputted 
from the S2 bus 302 rightwardly or leftwardly by bits 
designated by the data inputted from the 51 bus 301. Shift 
result data by the shift circuit 310 is outputted to the D bus 
303. 

Though respective constituents of the instruction execu~ 
tion unit 110 shown in FIG. 5 are controlled by a signal 
outputted from the rnicrodecoder 255 of the instruction 
execution control unit 108, signal lines for that purpose are 
omitted in FIG. 5. 

FIG. 4 is a table showing an operation state of the 
microaddress input selector 252 shown in FIG. 2, in other 
words, a control state of the microaddress input selector 252 
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by the selector control signal 260 outputted from the instruc 
tion execution control unit control circuit 256. 

In the left column of the table shown in FIG. 4, operations 
of the microprogram routine, or the operations speci?ed by 
the microsequence control signal 261 inputted to the instruc 
tion execution control unit control circuit 256 from the 
micro-ROM output register 254 are shown, and in the right 
column, signals selected by the microaddress input selector 
252 corresponding to the respective operations, or micro 
program address values are shown. 

Speci?cally, when operation “exit” indicating operation 
?nish of the microprogram routine is speci?ed by the 
microsequence control signal 261, the instruction execution 
control unit control circuit 256 allows the microaddress 
input selector 252 to select the main microaddress signal 212 
held in the register 224 of the instruction decoding unit 107 
when the address calculation request signal 223 is “0”, and 
to select the sub-microaddress signal 218 held in the register 
225 when the address calculation request signal 223 is 
When the operation “exit” is speci?ed by the microse 

quence control signal 261, the instruction execution control 
unit control circuit 256 outputs the instruction execution 
?nish signal 263, as previously described. By receiving the 
instruction execution ?nish signal 263, the registers 224 to 
230 and 246 to 251 hold the signals which have been 
inputted in synchronism with the clock ¢2. 
When operation “return” indicating address calculation 

?nish is speci?ed by the microsequence control signal 261, 
the instruction execution control unit control circuit 256 
allows the microaddress input selector 252 to select the main 
microaddress signal 212 held in the register 246 of the 
instruction execution control unit 108. 
When operation “goto” indicating a microjump is speci 

?ed as the microsequence control signal 261, the instruction 
execution control unit control circuit 256 allows the 
microaddress input selector 252 to select the next microad 
dress signal 262 outputted from the micro-ROM output 
register 254. 
When operation “go/ex” indicating the operation “goto” 

or “exit” is speci?ed as the microsequence control signal 61, 
the instruction execution control unit control circuit 56 
allows the microaddress input selector 252 to select in the 
same way as the case of “exit” when the address calculation 
request signal is “0” and to select in the same way as the case 
of “goto” when the address calculation request signal 223 is 

When operation “go/ret” indicating the operation “goto” 
or “return” is speci?ed as the microsequence control signal 
261, the instruction execution control unit control circuit 
256 allows the microaddress input selector 252 to select in 
the same way as the case of “return” when the operand fetch 
request signal 213 is “0” and to select in the same way as the 
case of “goto” when the operand fetch request signal 213 is 
“1”. 

FIG. 6 is a schematic view showing an example of format 
of instructions processed by the processor 103 of the data 
processor of the present invention. 

In FIG. 6, numeral 401 designates a general instruction 
format (G format) which consists of l~byte operation codes 
4011, 4014, and l-byte operand designating parts 4012, 
4015. 

Sometimes extension parts 4013, 4016 are attached after 
the operand designating parts 4012, 4015. 

Numeral 402 designates a short instruct ion format (S 
format) for a part of instruction which is used frequently, 
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wherein register numbers are included in an operation code 
4021, and the 2-operand instruction can be expressed by the 
operation code 4021 and the size of a 2-bytes +extension 
part 4023 of an operand designating part 4022. However, in 
the S format, one operand always serves as the register. 

FIG. 7 is a schematic view showing formats of addressing 
modes which'can be designated by the operand designating 
parts 4012, 4015 and 4022 of the formats shown in FIG. 6. 

In FIG. 7, numeral 411 designates the format of a register 
direct addressing mode, numeral 412 designates the format 
of a register indirect addressing mode, numeral 413 desig 
nates the format of a 32-bit register relative indirect address 
ing mode and numeral 415 designates the format of a 32-bit 
absolute addressing mode. 
An operand designating part is a ?eld designating the 

register direct mode and register indirect addressing mode, 
and a part of which designates the register number (Rn) in 
the addressing modes (register indirect, register relative 
indirect) using a register value in the register direct address 
ing address calculation. 

In the absolute addressing mode or the register relative 
indirect addressing mode, an absolute address or relative 
value is designated as a 16-bit or 32-bit extension part. 

FIG. 8 is a schematic view showing an example of 
instruction code of MOV instructions (data transfer instruc 
tion). 
An instruction code 421 shown in FIG. 8A is an example 

of register to register transfer of general type (G format), 
wherein a general purpose register R0 in a register direct 
mode is designated as a ?rst operand, and a general purpose 
register R1 in the register direct mode is designated as a 
second operand. 

Thus, the instruction code 421 is designed to transfer a 
value of the general purpose register R0 to the general 
purpose register R1. 
An instruction code 422 shown in FIG. 8B is an example 

of memory to memory transfer of general type (G format), 
wherein a value of a memory whose address is a value of a 
general purpose register R2 in a register indirect mode is 
designated as the ?rst operand, and a memory address 
“12345678(hexadecimal)” by the extension part in an abso- 4 
lute mode is designated as the second operand. 

Thus, the instruction code 422 is designed to transfer the 
value of the memory, whose address is the value of the 
general purpose register R2, to the memory address 
“12345678 (hexadecimal)”. 
An instruction code 423 shown in FIG. 8C is an example 

of register to register transfer of short type (S format), 
wherein a register R3 is designated as the ?rst operand and 
a general purpose register R4 in a register direct mode is 
designated as the second operand. 

Thus, the instruction code 423 is designed to transfer a 
value of the general purpose register R3 to the general 
purpose register R4. 
An instruction code 424 shown in FIG. 8D is an example 

of memory to memory transfer of short type (S format), 
wherein a general purpose register R5 is designated as the 
?rst operand, and a value obtained by adding a value 
“00001000 (hexadecimal)” of the extension part to a value 
of a general purpose register R6 in a register relative mode 
is designated as the second operand. 

Thus, the instruction code 424 is designed to transfer a 
value of the general purpose register R5 to a memory whose 
address is a value obtained by adding “00001000 (hexadeci 
mal)” to the value of the general purpose register R6. 
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FIG. 9 is a table of output signals in the instruction 
decoding unit 107 in case of executing the instructions 
shown in FIG. 8. 

In FIG. 9, a symbol “X” indicates that an output of the 
signal is meaningless (don’t care). 

For example, when the ?rst operand of the general type of 
register to register transfer (G format) instruction code 421 
shown in FIG. 8A is decoded, a signal outputted as the main 
microaddress signal 212 is a start address in the micro-ROM 
109 of a microprograrn routine “movgl”, a signal outputted 
as the sub-microaddress signal 218 is meaningless, a signal 
outputted as the operand fetch request signal 213 is “1”, a 
signal outputted as the subdecoder valid signal 214 is “l”, a 
signal outputted as the register/memory signal 219 is “O”, a 
signal outputted as the ?rst register number signal 215 is 
meaningless, a signal outputted as the second register num 
ber signal 220 indicates the general purpose register R0 and 
a signal outputted as the extension part data signal 234 is 
meaningless. 
The operation of the data processor of the present inven 

tion constituted as above is described taking the MOV 
instruction execution sequence as an example. 

The MOV instruction is designed to transfer data to a 
destination from a source, and designates the source in the 
?rst operand and the destination in the second operand. 

FIG. 10 is a flowchart showing the general (G format) 
microprogram execution sequence of the MOV instruction 
(data transfer instruction). 

FIG. 11 is a ?owchart showing the short (S format) 
microprograrn execution sequence of the MOV instruction 
(data transfer instruction). 

(A) Register to register transfer of general type (refer to 
FIG. 10) 

At ?rst, the general instruction execution sequence in case 
of designating the register direct addressing mode in both 
the ?rst operand and the second operand is described. 
The instruction code 421 shown in FIG. 8A, speci?cally, 

writes a value of the general purpose register R0 of the 
general purpose register ?le 308 into the general purpose 
register R1. 

First 2 bytes of the instruction code are decoded at ?st. 

Speci?cally, the instruction code 421 shown in FIG. 8A is 
held temporarily in the instruction code input register 210 in 
synchronism with the clock q>1 in the ?rst machine cycle, 
and the 1 byte at the top is decoded by the main decoder 211 
and the next 1 byte by the subdecoder 217. 

Decode results are as shown in a column (A) of the ?rst 
operand of FIG. 9. 

Signals outputted from the main decoder 211 are as 
follows. 

As the main microaddress signal 212, the start address of 
the rnicroprogram routine “movgl” is outputted. 
As the operand fetch request signal 213, “1” indicating 

that the operand is to be fetched is outputted. 
As the subdecoder valid signal 214, “1” indicating that the 

decode result of the subdecoder 217 is valid is outputted and 
is inputted to the AND gate 231. 
As the ?rst register number signal 215, “X (don’t care)” 

is outputted. 
Signals outputted from the subdecoder 217 are as follows. 

As the sub-microaddress signal 218, “X (don’t care)” is 
outputted. 
As the register/memory signal 219, “0” indicating that the 
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addressing mode is the register is outputted and inputted to 
the AND gate 231. 
As the second register number signal 220, a signal indi 

cating the general purpose register R0 is outputted. 
Since “l” is outputted as the subdecoder valid signal 214, 

and “O” is outputted as the register/memory signal 219, “0” 
indicating that address calculation is not necessary is out 
putted as the address calculation request signal 223 from the 
AND gate 231. 
As shown in FIG. 8A, since the ?rst operand of the 

instruction code 421 does not include the extension part, “X 
(don’t care)” is outputted from the instruction code input 
register 210 as the extension part data signal 234. 
Now, when the last rnicroinstruction of the previous 

instruction is read from the micro-ROM 109, “exit” is 
designated to the instruction execution control unit control 
circuit 256 as the microsequence operation by the microse 
quence control signal 261. Thereby, the instruction execu 
tion ?nish signal 263 is outputted from the instruction 
execution control unit control circuit 256, and the above 
mentioned signals are held in the registers 224 to 230 in 
synchronism with the clock (1)2, and inputted to the registers 
204 to 245, microaddress input selector 252 and instruction 
execution ?nish signal 263. 

At this time, since the address calculation request signal 
233 is “0”, as is shown in FIG. 4, the instruction execution 
control unit control circuit 256 controls the microaddress 
input selector 252 to elect the main microaddress signal 212 
held in the register 224 of the instruction decoding unit 107. 

Thus, in the microaddress input register 253, the start 
address of themicroprogram routine “movgl” is held as the 
address of the micro-ROM 109, in synchronism with the 
clock $1 in the second machine cycle. 
The microprogram routine “movl” is read from the 

micro-ROM 109 according to the address held in the 
microaddress input register 253, and is held in the micro 
ROM output register 254 is synchronism with the clock (1)2 
in the second machine cycle, and is decoded by the micro 
decoder 255 for processing. 
The above operation corresponds to “START”—>Step 13 

in the ?owchart show in FIG. 10. 

The “movgl” routine saves the ?rst operand value (here, 
the general purpose register R0 of the general purpose 
register ?le 308 is designated) once in the working register 
307. 

Speci?cally, the value of the general purpose register R0 
of the general purpose register ?le 308 is transferred to and 
stored in the working register 307 via the S1 bus 301, ALU 
309 and D bus 303. 

Since the processings corresponding to the ?rst operation 
code of the MOV instruction is ?nished, the microsequence 
operation “exit” is designated to the instruction execution 
control unit control circuit 256 from the micro-ROM output 
register 254 by the microsequence control signal 261. 

While, in the instruction decoding unit 107, when the ?rst 
2 bytes of the instruction code have been decoded, subse 
quently, the next 2 bytes are decoded. 

Speci?cally, third and fourth bytes of the instruction code 
421 shown in FIG. 8A are held temporarily in the instruction 
code input register 210 in synchronism with the clock (1)1 in 
the second machine cycle, the third byte is decoded in the 
main decoder 211 and the fourth byte is decoded in the 
subdecoder 217. 

Decode results are as shown in a column (A) of the second 
operand of FIG. 9. 
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Signals outputted from the main decoder 211 are as 
follows. 

As the main microaddress signal 212, the start address of 
a microprogram routine “movg2” is outputted. 
As the operand fetch request signal 213, “0” indicating 

that the operand is not to be fetched is outputted. 
As the subdecoder valid signal 214, “1” indicating that. 

the decode result of the subdecoder 217 is valid is outputted 
and inputted to the AND gate 231. 

As the ?rst register number signal 215, “X (don’t care)” 
is outputted. 

Signals outputted from the subdecoder 217 are as follows. 

As the sub-microaddress signal 218, “X (don’t care)” is 
outputted. 
As the register/memory signal 219, “0” indicating that the 

addressing mode is the register is outputted and inputted to 
the AND gate 231. 

As the second register number signal 220, a signal indi 
cating the general purpose register R1 is outputted. 

Since “1” is outputted as the subdecoder valid signal 214, 
and “0” is outputted as the register/memory signal 219, “0” 
indicating that the address calculation is not necessary is 
outputted as the address calculation request signal 223 from 
the AND gate 231. 

As shown in FIG. 8A, since the second operand of the 
instruction code 421 also does not include the extension part, 
“X (don’t care)” is outputted from the instruction code input 
register 210 as the extension part data signal 234. 
Now, at the time point of ?nish of the processing corre 

sponding to the ?rst operation code, the microsequence 
operation “exit” of the “movgl” routine is designated to the 
instruction execution control unit control circuit 256 from 
the micro-ROM output register 254, by the microsequence 
control signal 261. Thereby, the instruction execution ?nish 
signal 263 is outputted from the instruction execution con 
trol unit control circuit 256, and the above-mentioned sig 
nals are held in the registers 224 to 230 in synchronism with 
the clock (1)2, and inputted to the registers 204 to 245, 
microaddress input selector 252 and instruction execution 
?nish signal 263. 
At this time, since the address calculation request signal 

223 is “0”, as shown in FIG. 4, the instruction execution 
control unit control circuit 256 controls the microaddress 
input selector 252 to select the main microaddress signal 212 
held in the register 224 of the instruction decoding unit 107. 

Thus, in the microaddress input register 253, the start 
address of the microprogram routine “movg2” is held as the 
address of the micro-ROM 109, in synchronism with the 
clock 4:1 in the next machine cycle. 
The microprogram routine “movg2” is read from the 

micro-ROM 109 according to the address held in the 
microaddress input register 253, and held in the micro-ROM 
output register 254 in synchronism with the clock (1)2, and is 
decoded by the microdecoder 255 for processing. 
The above operation corresponds to Step S13 —>Step S16 

in the ?owchart shown in FIG. 10. 

The “movg2” routine transfers a value of the ?rst operand 
saved in the working register 307 by the “movgl” routine to 
the second operand (here, the general purpose register R1 of 
the general purpose register ?le 308 is designated). 

Speci?cally, a value of the working register 307 is trans— 
ferred to and stored in the general purpose register R1 of the 
general purpose register ?le 308 designated as the second 
operand and in the memory write register 305 via the S1 bus 
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301, ALU 309 and D bus 303. 
Though the microsequence control signal 261 designating 

the next microsequence operation becomes “go/ex”, since 
the address calculation request signal 223 (output of the 
instruction execution control unit 108) is “0”, as shown in 
FIG. 4, the instruction execution control unit control circuit 
256 controls the microaddress input selector 252 in the same 
way as the case of “exit” to ?nish the instruction processing. 

In such a manner, by the instruction code 421 shown in 
FIG. 8A, the value of the general purpose register R0 of the 
general purpose register ?le 308 is transferred to the general 
purpose register R1. 

In the ?owchart shown in FIG. 10, the instruction is 
executed in two steps, “START” —>Step S13 —>Step S16 —) 
“END”. 

(B) Memory to memory transfer of general type (refer to 
FIG. 10) 
The general instruction execution sequence, in which the 

register indirect addressing mode is designated by the ?rst 
operand and the absolute addressing mode is designated by 
the second operand is described. 
The instruction code 422 shown in FIG. 8B, speci?cally, 

writes a value of the memory 104, whose address is the value 
of the general purpose register R2 of the general purpose 
register ?le 308, into the address “12345678 (hexadeci 
mal)”. 

First 2 bytes of the instruction code are decoded at ?rst. 

Speci?cally, the instruction code 422 shown in FIG. 8A is 
held temporarily in the instruction code input register 210 in 
synchronism with the clock (P1 in the ?rst machine cycle, 
and the 1 byte at the top is decoded in the main decoder 211 
and the next 1 byte is decoded in the subdecoder 21. 
Decode results are as shown in a colunm (B) of the ?rst 

operand of FIG. 9. 
Signals outputted from the main decoder 211 are as 

follows. 

As the main microaddress signal 212, the start address of 
the microprogram routine “movgl” is outputted. 
As the operand fetch request signal 213, “1” indicating 

that the operand is to be fetched is outputted. 
As the subdecoder valid signal 214, “1” indicating that the 

decode result of the subdecoder 217 is valid is outputted and 
inputted to the AND gate 231. 

As the ?rst register number signal 215, “X (don’t care)” 
is outputted. 

Signals outputted from the subdecoder 217 are as follows. 
As the sub-microaddress signal 218, “@Rn” is outputted. 
As the register/memory signal 219, “1” indicating that the 

addressing mode is the memory 104 is outputted and input 
ted to the AND gate 231. 

As the second register number signal 220, a signal indi 
cating the general purpose register R2 is outputted. 

Since “1” is outputted as the subdecoder valid signal 214 
and “1” is outputted as the register/memory signal 219 
respectively, from the AND gate 231, “1” indicating that the 
address calculation is necessary is outputted as the address 
calculation request signal 223. 
As shown in FIG. 8B, since the ?rst operand of the 

instruction code 422 does not include an extension part, “X 
(don’t care)” is outputted from the instruction code input 
register 210 as the extension part data signal 234. 
Now, when the last microinstruction of the previous 

instruction is read from the micro-ROM 109, the microse 














